Using the mean field theory, a comparative study of the wetting and layering transitions of a spin-1/2 Ising model with perfect and corrugated surfaces, is established.
layering transitions at T = 0 in the presence of a transverse field. Benyoussef and Ez-Zahraouy have studied the layering transitions of Ising model thin films using a real space renormalization group [27] , and transfer matrix [28] methods. In a previous work [29] we have established the effect of temperature and transverse field, for a fixed surface field values, on the wetting and layering transitions of an Ising system with perfect surfaces. The purpose of this work is to study the effect of a corrugated surface on the wetting and layering transitions, of an Ising system spin-1/2, using the mean field theory. The outline of this work is as follows. In Section 2, the model and method are presented. Section 3 is devoted to study the ground state for the perfect and corrugated surface cases. The results and the phase diagrams obtained are discussed in Section 4.
Model and method
We consider a film with finite thickness of a three dimensional spin-1/2 model, with N layers, limited by two surfaces. Figure 1 represents the geometry of this system for a) two perfect surfaces, b) presence of a corrugated surface.
The Hamiltonian describing this system can be written as
where the first summation is carried out over nearest-neighbour pairs of spins.
(α = z, x) are the Pauli matrices for a spin i. The exchange interaction J ij = J is assumed to be constant, and Ω is the transverse field. The total longitudinal field H i , applied on a site i, is distributed according to the nature of the top surface as it is discussed below.
For a system with perfect surfaces, Fig. 1a , H i is assumed to be uniform in a layer k, and defined by:
where the surface fields H s1 and H s N = −H s1 are applied on the first layer k = 1 and the last layer k = N, respectively. H is the external field applied on the whole system.
For a corrugated surface film with n steps, each step containing L spins in the x direction, H i is given by:
where the surface field H s1 acts on the corrugated surface S 1 , and H s N = −H s1 is applied on the bottom surface S N , Fig. 1b . The configurations S k (0 ≤ k ≤ N) are defined in Section 3 for both the perfect and corrugated surfaces. H is the external field applied on the whole system.
The part of the Hamiltonian describing a site i, for the perfect and corrugated surfaces, is given by
the summation runs over nearest neighbour sites j of i. The diagonalization of the operator H i leads to the eigen values λ
The magnetisation per site can be written as
Using the mean field theory, the free energy of the system can be written as follows
For a simple cubic lattice, the magnetisation and the free energy for each plane k are given, respectively, by the following expressions:
and
with
assuming that J ij = J, the reduced parameters are defined by:
3 Ground state
Perfect surface
The ground state of this model is established in 
Corrugated surface
The model is described in section 2, the corresponding ground state is illustrated in Fig. 2b for a system formed with N = 20 layers, n = 2 steps and L = 10 spins, for each step, in the x direction. The start point is a situation, called S 0 , where all the spins are down. Under the effect of increasing the surface field H s1 /J, and for a bulk field value H/J close to 1 − H s1 /J, the spins of the top external surface, called S 1 , will flip and become up. Increasing the bulk field, the spins of the layer 2 will flip, this situation is noted S 2 . Increasing the bulk field more and more, the spins of the layer 3 will flip, this configuration is noted S 3 , and so on. As it is
shown Fig. 2b , the transition S 0 ↔ S 1 , which appears for H/J = 1 − H s1 /J and the transition 
Results and discussion
Numerical results are giving for a system formed with N = 20 ferromagnetic layers of a spin−1/2 Ising model with free bound conditions. In order to examine the temperature effect, in absence of transverse magnetic field, Ω/J = 0, on the wetting and layering transitions, we plot in with the ground state illustrated in Fig. 2b , for the corrugated surface case. On the other hand, the dependency of the wetting temperature T w /J on the wetting transverse field Ω w /J, is illustrated in Fig. 7 , corresponding to the surface field value H s1 /J = 0.9, for the both cases: perfect and corrugated surfaces. As it has been outlined above, the corrugation effect is to accelerate the wetting phenomenon since the wetting region, of the phase diagram in Fig. 7 , occurs first for the corrugated surface before that one corresponding to the perfect surface.
Conclusion
Within the mean field theory, we have studied the wetting and layer transitions of a 3-D spin−1/2 Ising model. For a surface field less than the critical value 1, the system exhibits a sequence of layering transitions only above a wetting temperature (wetting transverse field)
for fixed transverse field (temperature). For surface fields higher than the critical value, the layering transitions under only under the effect of increasing the bulk field even for Ω/J = 0 or T /J → 0. Furthermore the corrugation effect is accelerate the layering transitions and wetting phenomena compared to perfect surfaces.
Figure Captions 
Expression of the energy E(S k , n, L, N ):
In the following we will investigate, the ground state energy E(S k , n, L, N) as a function of the parameters S k , n, L and N (see text). For T = 0 the Hamiltonian of Eq. (1) allows to write :
Where A = N H s1 is the coefficient of H s1 , B = N H is the coefficient of H and C = N J is the coefficient of J, which depend on the parameters S k , n, L and N For a given configuration S k , (x = 0, 1, ..., N), of a corrugated surface system formed with N layers, n steps with L spins for each step. These expressions will generate a sequence of transition lines from a configuration S k to a configuration S l when 0 ≤ k, l ≤ N.
2-Configuration S j : 1 ≤ j ≤ n + 1:
3-Configuration S j : n + 1 < j ≤ N:
2-Configuration S 1 :
3-Configuration S j : 1 < j < n + 1:
4-Configuration S n+1 :
5-Configuration S j : n + 1 < j ≤ N − 1: 
